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Abstract 
A scheme of Simulation Traction Load (STL) with regenerative braking based on back-to-back dual PWM converters 
is proposed in this paper. The main function of AC/DC section is simulating traction load with specified 
characteristic employing current hysteresis control methods. Under the control of the current inner loop and voltage 
outer loop, the DC/AC section can feed the energy from DC/AC section back to power system. The feed-back energy 
can be supplied to other customers. It is proved that the proposed scheme simulates measured traction load well when 
measured load is considered as given load. 
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1. Introduction 
Power systems for electrified traction railway such as high-speed railway involve generally noticeable 
power demand levels. In some places, capacity of short circuit of grid does not reach the need of high-
speed railway well. To increase the capability of power supply, network construction should be paid more 
attention to. But actually, some energy absorbed by vehicles from power system is wasted. The main 
reason is that friction braking is used commonly in electric locomotive. 
Braking is one of main operating status of electric locomotive. There are two types of braking used in 
electric locomotive: friction braking and electric braking. The friction braking depends primarily on the 
wear on brake shoes and it always becomes very hot because the kinetic energy of locomotive is 
converted to heat energy through friction. The basic characteristic of electric braking is that traction 
motors operate as generators effectively and convert kinetic energy of locomotive to electric energy. 
Electric braking includes rheostatic braking and regenerative braking. For rheostatic braking, the electrical 
energy obtained in braking is dissipated in a resistor or rheostat on electric locomotive.  
With regeneration, instead of using the traditional friction braking to reduce train speed or consuming 
braking energy in a resistor or rheostat, the traction motors are used to brake the train and the kinetic 
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energy of locomotive recovered is return to traction power supply system or grid. The main incentive of 
regenerative braking is energy saving. At the same time, the environmental benefits are obviously. 
To study features of traction power supply system and characteristic of traction load deeply, a 
simulation traction load for experiment and test is necessary. Generally some equipments are used as 
simulation traction load in lab, such as incandescent lamp, resistance and reactor, electromotor-generator, 
and so on [1~3]. All of these equipments with big size consume great deal of energy and are not 
economical. Furthermore, because characteristic of these simulation traction loads are not adjustable, they 
can not exactly and easily simulate traction load. To imitating characteristic of fluctuation and high 
harmonic level of traction load, a scheme of simulation traction load based on back-to-back dual PWM 
converters is proposed in this paper. Using current inner-loop and voltage outer-loop control strategy, the 
simulation traction load can simulate given actual traction load exactly. 
2. Topology of simulation traction power supply system 
The simulation traction power supply system is a scaling-down system according to actual traction 
power supply system. The scaling-down ratio is 380V/27500V. The topology of simulation traction power 
supply system is shown in Fig.1. 
 
Fig.1 Topology of simulation traction power supply system 
 
The simulation traction power supply system consists of traction transformer (T1), simulation traction 
load (STL) and isolating transformer (T2). The primary side of T1 is connected into 380V three-phase 
system, and the second side of T1 is 220V single-phase system. The energy absorbed by simulation 
system from three-phase system through T1 can be fed back to three-phase system through T2. The three-
phase system supplies loss of transformers and converters only in simulation system. 
The STL includes two parts: AC/DC unit and DC/AC unit. The main function of AC/DC unit is to 
generate current with characteristic of actual traction load. The main function of DC/AC unit is to send the 
energy from AC/DC unit back to three-phase system with unity power factor.  
When the STL operates in traction mode, electric energy flows from T1 to STL, then back to three-
phase system through T2. When the STL operates in regenerative mode, the direction of energy flow 
reverses. 
3.  Main circuit of STL 
The main circuit of STL is shown in Fig.2, including input inductance, single-phase four-quadrant 
converter, DC capacitor, DC filter circuit, three-phase four-quadrant converter, output inductance. 
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 Fig.2 The main circuit of STL 
 
The main reason using IGBT in STL is that IGBT is full-controlled power electronic devices and its 
switching frequency is high enough to simulate traction load current exactly. The output inductance 
L1~L3 can balance three-phase voltage. The functions of DC capacitor C0 include regulating energy 
exchange between AC/DC unit and DC/AC unit and stabilizing DC voltage. 
Supposing there is no distortion with the second-side voltage of T1, then 
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Ignoring loss of AC/DC unit and DC/AC unit, capacitor and inductance, the active power of two sides 
of STL should be equal. Namely 
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sac
l
n uudt
diL −= 1                 (5) 
 )()( 112
2
1
tidt
L
uuti l
t
t l
sac
l +
−
= ∫            (6) 
The il increases approximately linear when the sign of (uac1−us) is positive and the value varies slowly. 
And il decreases approximately linear when the sign of (uac1−us) is negative and the value varies slowly. 
The sign of us may be changed by switching on and off IGBT. The sign of (uac1−us ) change with sign of 
us. Then il is under the control of strategy of IGBT switch on and off. 
To make STL operate normally, DC voltage ud should satisfy some qualification. Nd Uu 2>  and 
26Uud >  should be correct for single-phase and three-phase system respectively. 
Because the input and output instantaneous power of STL is not strictly equal at any time， charge 
and discharge process of DC capacitor is repeated. To make power of both sides of STL to be same, the 
average DC voltage should be stable [4]. 
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4.  Control Strategy 
4.1.  Control method of AC/DC unit 
AC/DC unit is the most important part for simulating actual traction load exactly. Correct and 
efficiency control method is necessary. 
General direct current control methods include PI control, fixed switching frequency control and 
hysteresis current control. The accuracy of PI control is low, and it is difficult to make power factors to 
conform to the requirements. The dynamic response of fixed switching frequency control is relatively 
slow. Dynamic current deviation varies with change rate of current and is sensitive to system parameters 
and load fluctuation. The circuit of hysteresis current control is very simple, and its dynamic response is 
rapidly. Dynamic deviation of tracking current is confirmed by hysteresis width, and stability does not 
vary with change rate of current [6].  
Considering above factors comprehensive, hysteresis current control is selected. Control principle of 
hysteresis current control is shown in Fig.3. 
 
Fig.3 Control principle of hysteresis current control 
4.2. Control method of DC/AC unit 
The dynamic response of DC/AC unit, which feeds back energy from AC/DC unit to power system, 
may be slower than AC/DC unit. 
The classical dual close-loop control method with inner-loop hysteresis current control and voltage 
outer-loop control is applied for DC/AC unit. Main features of dual close-loop control method include 
clear physical meaning, simple control structure, excellent anti-interference performance, good control 
performance [4]. 
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Fig.4 Control schematic diagram of DC/AC unit 
 
A same outer-loop voltage control is shared by three phases, namely three-phase given currents are 
same. For inner-loop current control, every phase is controlled separately. There are three input signals 
for inner-loop current control: voltage synchronous signal, given current signal and feedback current 
signal. Voltage synchronous signal is from Phase-Locked Loop (PLL). The given current   is shown in 
Fig.4. The feedback current is feedback signal of output current  .  
It should be considered that there is 2nd harmonic component in DC voltage. If DC voltage signal is 
provided directly to PI regulator, the output current of DC/AC unit will contain 3th harmonic component. 
And the distortion degree of output current will increase because of the amplification of proportion part of 
PI regulator. So before DC voltage is put into PI regulator, it must be gotten rid off harmonic components 
using low-pass filter.  
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Generally there are two modulation types: unipolar modulation and bipolar modulation. The change 
ratio of inductance current adopting unipolar modulation method is lower than bipolar modulation method. 
It is difficult to track command current for unipolar modulation method when supply voltage zero 
crossing [8] because of small current change ratio. To meet the requirement of current control of STL, 
bipolar modulation is adopted. 
5. Simulation 
A simulation model is built using MATLAB/SIMULINK in this section according to Fig.2. The 
simulation parameters are: 
Simulation traction power supply voltage: 380=NU V 
Phase voltage of feedback side: 2202 =U V 
Input inductance: mH40=nL  
Output inductance: mH40321 === LLL  
DC capacitor: μF20000 =C  
DC voltage: 800d =U V 
MAX switching frequency: kHz18max =f  
The length of measuring traction load data is 24 hours. The characteristic of traction load current 
includes random fluctuation, low power factor and high harmonic components. 15min rapid fluctuation 
traction data and 2min regenerative data are selected in this section. The scaled-down measuring traction 
load current is used as given current to STL. Before simulation, DC capacitor is pre-charged. 
The results of simulation are shown in Fig.5 to Fig.9. 
            
Fig.5 Actual and simulation fundamental RMS values              Fig.6 Actual and simulation fundamental power factors 
           
Fig.7 Actual and simulation traction load current THD                  Fig.8 Actual and simulation average DC voltage 
 
 
Fig.9 Output phase voltage and current of energy feedback unit 
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The above simulation results illustrate the STL may simulate actual traction load exactly. DC/AC unit 
may send energy from AC/DC unit back to supply system timely with unity power factor and low 
harmonic components. 
6. Conclusion 
To simulate actual traction load, a scheme of energy-feedback simulation traction load based on back-
to-back dual PWM converters is proposed. With hysteresis current control method, STL shows all 
characteristic of actual traction load exactly. The dynamic response speed can reach the requirement. The 
loss of STL is very low. 
Acknowledgement 
The work of this paper is supported by Basic scientific research fund of key universities under project 
number SWJTU09CX031. 
Reference 
[1] ZENG Guo-hong ,  HAO Rong-tai. A novel three-phase balanced traction supply system based on active power 
filter [J]. JOURNAL OF THE CHINA RAILWAY SOCIETY, Vol.25, No.1, 2003, 48-53. 
[2] ZHANG Xiu-feng, QIAN Qing-quan. A Novel Cophase Power Supply System Based on Active Power Filter and 
AT Power Supply Mode[J]. CHINA RAILWAY SCIENCE, Vol.27, No.6, 2007,73-77. 
[3] JIA Gui-xi, QI Le, ZHANG Bing-da. Design of Controllable Load for Power System Dynamic Simulation [J]. 
Proceedings of the CSU-EPSA, Vol.17, No.6, 2005, 95-99. 
[4]PAN Shi-feng, ZHAO Jian-feng. Study on High Power AC Electronic Load[J]. Power Electronics Synopsis, 
Vol.40, No.1, 2006, 97-100. 
[5]LI Fen , ZOU Xudong , WAN G Cheng2zhi , CHEN Wei. Research on AC Electronic Load for Testing AC Power 
Based on Dual Single-phase PWM Converter[J]. High Voltage Engineering, Vol.34, No.5, 2008, 930-934. 
[6]ZHAO Ying , ZHANG Min, WU Feng-ying. Design of power converter based on hysteresis control [J]. Power 
System Protection and Control, Vol.36, No.16, 2008, 66-69. 
[7]ZHENG Lian-qing, WANG Qing-feng. Grid-Connected Control of Feedback Type Electronic Load[J]. Power 
System Technology, Vol.32, No.7, 2008, 40-45. 
 
 
